3.0 AFFECTED ENVIRONMENT

EFH means those waters and substrate necessary to fish for spawning, breeding, feeding, or growth to
maturity. For the purpose of interpreting the definition of EFH, “waters” include aquatic areas that are
used by fish and their associated physical, chemical, and biological properties and may include areas
historically used by fish where appropriate; “substrate” includes sediment, hard bottom, structures
underlying the waters, and associated biological communities; “necessary” means the habitat required to
support a sustainable fishery and a healthy ecosystem; and “spawning, breeding, feeding, or growth to
maturity” covers a species’ entire life cycle.

This chapter contains descriptions of the North Pacific Ocean and the environment of the Bering
Sea/Aleutian Islands, as well as the Gulf of Alaska. The descriptions focus on physical and
oceanographic features, major living marine resources (their biology, habitat, and current status of the
resource), and the social and economic conditions associated with the various fisheries. The BSAI and
GOA ecosystems are complex. Although a lot is known, much of the vast marine ecosystem remains a
mystery. A section on climatic regime shifts is provided to add insight on the long-term dynamics of the
physical environment. This is important because major climatic regime shifts occurring in the North
Pacific environment have affected the dynamics of living marine resources in the BSAI and GOA.

Chapter 3 also contains descriptions of the resources and issues identified by the Council as important
when predicting the direct, indirect, and cumulative impacts that will accrue from the proposed action.
The topics in this section are arranged in the following order: physical environment and habitat features,
biological environment, ecosystem considerations, and human activities.

References to original literature throughout the section identify scientific sources and guide readers to
further information. All references called out throughout this document are listed in Chapter 7. Each
reference contains the information necessary to find the respective paper, report, journal article, or book,
following standard library citation format. Any reader desiring to access one of the references given
should be able to read or borrow a copy from a public library. Resource libraries located in Alaska and
the Pacific Northwest such as the NOAA Fisheries Alaska Fisheries Science Center (AFSC) Library in
Seattle, Washington; the Auke Bay Fisheries Laboratory near Juneau, Alaska; the State Library in
Juneau, Alaska; and the libraries at the University of Alaska and the University of Washington will be
more likely to have these particular references on their shelves. Other libraries can obtain these
references through interlibrary loan systems.

3.1 Physical Environment and Habitat Features

Alaska is the largest state in the United States with a total area of 1,593,438 square kilometers (sq. km),
including 70,849 sq. km of coastal water over which the state has jurisdiction and approximately
690,000 sq. km of wetlands with more than 8,000 sq. km of estuarine wetlands (low-wave energy
environments) and approximately 190 sq. km of marine wetlands (high-energy wave environments).
Alaska’s productive marine waters include the North Pacific Ocean, Bering Sea, Chukchi Sea, and Arctic
Ocean—more than 70 percent of the total area of the United States continental shelves is in Alaska.
Alaska’s immense size provides potential EFH from its 55,000 km of tidal shoreline, its more than
15,000 identified anadromous waterbodies, and its two major offshore marine ecosystems, the GOA and
the EBS.
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3.1.1 Gulf of Alaska

The GOA has approximately 160,000 sq. km of continental shelf, which is less than 25 percent of the
EBS shelf. The GOA is a relatively open marine system with land masses to the east and the north.
Commercial species are more diverse in the GOA than in the EBS, but less diverse than in the
Washington-California region. The most diverse set of species in the GOA is the rockfish group;

30 species have been identified in this area.

The dominant circulation in the GOA (Musgrave et al. 1992) is characterized by the cyclonic flow of the
Alaska gyre. The circulation consists of the eastward-flowing Subarctic Current system at approximately
50° N and the Alaska Coastal Current (Alaska Stream) system along the northern GOA. Large seasonal
variations in the wind-stress curl in the GOA affect the meanders of the Alaska Stream and nearshore
eddies. The variations in these nearshore flows and eddies affect much of the region’s biological
variability.

The GOA has a variety of seabed types such as gravely sand, silty mud, and muddy to sandy gravel, as
well as areas of hardrock (Hampton et al. 1986). Investigations of the northeast GOA shelf (less than
200 meters [m]) have been conducted between Cape Cleare (148° W) and Cape Fairweather (138° W)
(Feder and Jewett 1987). The shelf in this portion of the GOA is relatively wide (up to 100 km). The
dominant shelf sediment is clay silt that comes primarily from either the Copper River or the Bering and
Malaspina glaciers. When the sediments enter the GOA, they are generally transported to the west. Sand
predominates nearshore, especially near the Copper River and the Malaspina Glacier. Most of the
western GOA shelf (west of Cape Igvak) consists of slopes characterized by marked dissection and
steepness. The shelf consists of many banks and reefs with numerous coarse, clastic, or rocky bottoms,
as well as patchy bottom sediments. In contrast, the shelf near Kodiak Island consists of flat relatively
shallow banks cut by transverse troughs. The substrate in the area from Near Strait and close to Buldir
Island, Amchitka, and Amukta Passes is mainly bedrock outcrops and coarsely fragmented sediment
interspersed with sand bottoms.

Temperature anomalies in the GOA illustrate a relatively warm period in the late 1950s, followed by
cooling (especially in the early 1970s), and then by a rapid temperature increase in the latter part of that
decade. Subsurface temperature anomalies for the coastal GOA also show a change from the early 1970s
into the 1980s, similar to that observed in the sea surface (U.S. GLOBEC 1996). In addition, high
latitude temperature responses to El Nifio southern oscillation events can be seen, especially at depth, in
1977, 1982, 1983, 1987, and the 1990s. Between these events, temperatures in the GOA return to cooler
and more neutral temperatures. The 1997/98 El Nifio southern oscillation event, one of the strongest
recorded this century, has significantly changed the distribution of fish stocks off California, Oregon,
Washington, and Alaska. The longer-term impacts of this event remain to be seen.

Piatt and Anderson (1996) provide evidence of possible changes in prey abundance due to decadal scale
climate shifts. These authors examined relationships between significant declines in marine birds in the
northern GOA during the past 20 years and found that significant declines in common murre populations
occurred from the mid- to late-1970s to the early 1990s. Piatt and Anderson (1996) found marked
changes in diet composition of five seabird species collected in the GOA from 1975 to 1978 and from
1988 to 1991. Their diet changed from capelin-dominated in the former period to one in which capelin
was virtually absent in the latter period.

On a larger scale, evidence of biological responses to decadal-scale climate changes is also found in the
coincidence of global fishery expansions or collapses of similar species complexes. For example, salmon
stocks in the GOA and the California Current are out of phase. When salmon stocks do well in the GOA,
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they do poorly in the California Current and vice versa (Hare and Francis 1995, Mantua et al. 1997). For
more information about the GOA physical environment, refer to the draft or revised draft programmatic
groundfish SEIS (NMFS 2001a, 2003a).

3.1.2 Bering Sea

The Bering Sea is a semi-enclosed, high-latitude sea. Of its total area of 2.3 million sq. km, 44 percent is
continental shelf, 13 percent is continental slope, and 43 percent is deep-water basin. Its broad
continental shelf is one of the most biologically productive areas of the world. In contrast, the Aleutian
Island shelf is very narrow. The EBS contains approximately 300 species of fish, 150 species of
crustaceans and mollusks, 50 species of seabirds, and 26 species of marine mammals (Livingston and
Tjelmeland 2000). However, commercial fish species diversity is lower in the EBS than in the GOA.

A special feature of the EBS is the pack ice that covers most of its eastern and northern continental shelf
during winter and spring. The dominant circulation of the water begins with the passage of North Pacific
water (the Alaska Stream) into the EBS through the major passes in the Al (Favorite et al. 1976). There
is net water transport eastward along the north side of the Al and a turn northward at the continental shelf
break and at the eastern perimeter of Bristol Bay. Eventually EBS water exits northward through the
Bering Strait, or westward and south along the Russian coast, entering the western North Pacific via the
Kamchatka Strait. Some resident water joins new North Pacific water entering Near Strait, which
sustains a permanent cyclonic gyre around the deep basin in the central BS.

The EBS sediments are a mixture of the major grades representing the full range of potential grain sizes
of mud (subgrades clay and silt), sand, and gravel. The relative composition of such constituents
determines the type of sediment at any one location (Smith and McConnaughey 1999). Sand and silt are
the primary components over most of the seafloor, with sand predominating the sediment in waters with a
depth less than 60 m. Overall, there is often a tendency of the fraction of finer-grade sediments to
increase (and average grain size to decrease) with increasing depth and distance from shore. This
grading is particularly noticeable on the southeastern BS continental shelf in Bristol Bay and
immediately westward. The condition occurs because settling velocity of particles decreases with
particle size (Stokes Law), as does the minimum energy necessary to resuspend or tumble them. Since
the kinetic energy of sea waves reaching the bottom decreases with increasing depth, terrigenous grains
entering coastal shallows drift with water movement until they are deposited, according to size, at the
depth at which water speed can no longer transport them. However, there is considerable fine-scale
deviation from the graded pattern, especially in shallower coastal waters and offshore of major rivers,
due to local variations in the effects of waves, currents, and river input (Johnson 1983).

The distribution of benthic sediment types in the EBS shelf is related to depth (Figure 3.1-1).
Considerable local variability is indicated in areas along the shore of Bristol Bay and the north coast of
the Alaska Peninsula, as well as west and north of Bristol Bay, especially near the Pribilof Islands.
Nonetheless, there is a general pattern whereby nearshore sediments in the east and southeast on the
inner shelf (0 to 50 m depth) often are sandy gravel and gravelly sand. These give way to plain sand
farther offshore and west. On the middle shelf (50 to 100 m), sand gives way to muddy sand and sandy
mud, which continue over much of the outer shelf (100 to 200 m) to the start of the continental slope.
Sediments on the central and northeastern shelf (including Norton Sound) have not been so extensively
sampled, but Sharma (1979) reports that, while sand is dominant in places here, as it is in the southeast,
there are concentrations of silt both in shallow nearshore waters and in deep areas near the shelf slope.
In addition, there are areas of exposed relic gravel, possibly resulting from glacial deposits. These
departures from a classic seaward decrease in grain size are attributed to the large input of fluvial silt
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from the Yukon River and to flushing and scouring of sediment through the Bering Strait by the net
northerly current.

McConnaughey and Smith (2000) and Smith and McConnaughey (1999) describe the available sediment
data for the EBS shelf. These data were used to describe four habitat types. The first, situated around
the shallow eastern and southern perimeter and near the Priblof Islands, has primarily sand substrates
with a little gravel. The second, across the central shelf out to the 100 m contour, has mixtures of sand
and mud. A third, west of a line between St. Matthew and St. Lawrence islands, has primarily mud (silt)
substrates, with some mixing with sand (Figure 3.1-2). Finally, the areas north and east of St. Lawrence
Island, including Norton Sound, have a complex mixture of substrates.

Important water column properties over the EBS include temperature, salinity, and density. These
properties remain constant with depth in the near-surface mixed-layer, which varies from approximately
10 to 30 m in summer to approximately 30 to 60 m in winter (Reed 1984). The inner shelf (less than

50 m) is, therefore, one layer and is well mixed most of the time. On the middle shelf (50 to 100 m), a
two-layer temperature and salinity structure exists because of downward mixing of wind and upward
mixing due to relatively strong tidal currents (Kinder and Schumacher 1981). On the outer shelf (100 to
200 m), a three-layer temperature and salinity structure exists due to downward mixing by wind,
horizontal mixing with oceanic water, and upward mixing from the bottom friction due to relatively
strong tidal currents. Oceanic water structure is present year-round beyond the 200-m isobath.

Three fronts, the outer shelf, mid-shelf, and inner shelf, follow along the 200-, 100-, and 50-m
bathymetric contours, respectively; thus, four separate oceanographic domains appear as bands along the
broad EBS shelf. The oceanographic domains are the deep water (more than 200 m), the outer shelf
(200 to 100 m), the mid-shelf (100 to 50 m), and the inner shelf (less than 50 m).

The vertical physical system also regulates the biological processes that lead to separate cycles of
nutrient regeneration. The source of nutrients for the outer shelf is the deep oceanic water; for the mid-
shelf, it is the shelf-bottom water. Starting in winter, surface waters across the shelf are high in nutrients.
Spring surface heating stabilizes the water column, then the spring bloom begins and consumes the
nutrients. Steep seasonal thermoclines over the deep EBS (30 to 50 m), the outer shelf (20 to 50 m), and
the mid-shelf (10 to 50 m) restrict vertical mixing of water between the upper and lower layers. Below
these seasonal thermoclines, nutrient concentrations in the outer shelf water invariably are higher than
those in the deep EBS water with the same salinity. Winter values for nitrate-N/phosphate-P are similar
to the summer ratios, which suggests that, even in winter, the mixing of water between the mid-shelf and
the outer shelf domains is substantially restricted (Hattori and Goering 1986).

Effects of a global warming climate should be greater in the EBS than in the GOA. Located further north
than the GOA, the seasonal ice cover of the EBS lowers albedo effects. Atmospheric changes that drive
the speculated changes in the ocean include increases in air temperature, storm intensity, storm
frequency, southerly wind, humidity, and precipitation. The increased precipitation, plus snow and ice
melt, leads to an increase in freshwater runoff. The only decrease is in sea level pressure, which is
associated with the northward shift in the storm track. Although the location of the maximum in the
mean wind stress curl will probably shift poleward, how the curl is likely to change is unknown. The net
effect of the storms is what largely determines the curl, and there is likely to be compensation between
changes in storm frequency and intensity.

Ocean circulation decreases are likely to occur in the major current systems: the Alaska Stream, Near
Strait Inflow, Bering Slope Current, and Kamchatka Current. Competing effects make changes in the
Unimak Pass inflow, the shelf coastal current, and the Bering Strait outflow unknown. Changes in
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hydrography should include increases in sea level, sea surface temperature, shelf bottom temperature, and
basin stratification. Decreases should occur in mixing energy and shelf break nutrient supply, while
competing effects make changes in shelf stratification and eddy activity unknown. Ice extent, thickness,
and brine rejection are all expected to decrease.

Temperature anomalies in the EBS illustrate a relatively warm period in the late 1950s, followed by
cooling (especially in the early 1970s), and then by a rapid temperature increase in the latter part of that
decade. For more information on the physical environment of the EBS, refer to the draft or revised draft
programmatic groundfish SEIS (NMFS 2001a, 2003a).

3.1.3 Aleutian Islands

The Aleutian Islands lie in an arc that forms a partial geographic barrier to the exchange of northern
Pacific marine waters with EBS waters. The Al continental shelf is narrow compared with the EBS
shelf, ranging in width on the north and south sides of the islands from about 4 km or less to 42 to 46 km;
the shelf broadens in the eastern portion of the Al arc. The Al comprises approximately 150 islands and
extends about 2,260 km in length.

Bowers Ridge in the Al is a submerged geographic structure forming a ridge arc off the west-central Al.
Bowers Ridge is about 550 km long and 75 to 110 km wide. The summit of the ridge lies in water
approximately 150 to 200 m deep in the southern portion deepening northward to about 800 to 1,000 m at
its northern edge.

The Al region has complicated mixes of substrates, including a significant proportion of hard substrates
(pebbles, cobbles, boulders, and rock), but data are not available to describe the spatial distribution of
these substrates.

The patterns of water density, salinity, and temperature are very similar to the GOA. Along the edge of
the shelf in the Alaska Stream, a low salinity (less than 32.0 ppt) tongue-like feature protrudes westward.
On the south side of the central Al, nearshore surface salinities can reach as high as 33.3 ppt, as the
higher salinity EBS surface water occasionally mixes southward through the Al. Proceeding southward,
a minimum of approximately 32.2 ppt is usually present over the slope in the Alaska Stream; values then
rise to above 32.6 ppt in the oceanic water offshore. Whereas surface salinity increases toward the west
as the source of fresh water from the land decreases, salinity values near 1,500 m decrease very slightly.
Temperature values at all depths decrease toward the west.

Climate change effects on the Al area are similar to the effects described for climate change in the EBS.
For more information on the physical environment of the Al refer to the draft or revised draft
programmatic groundfish SEIS (NMFS 2001a, 2003a).

3.1.4 Streams that Support Federally Managed Salmon

A significant body of information exists on the life histories and general distribution of salmon in Alaska.
The locations of many freshwater water bodies used by salmon are described in documents organized and
maintained by the Alaska Department of Fish & Game (ADF&G). Alaska Statute 16.05.870 requires
ADF&G to specify the various streams that are important for spawning, rearing, or migration of
anadromous fishes. This is accomplished through the Catalog of Waters Important for Spawning,
Rearing or Migration of Anadromous Fishes (Catalog) (ADF&G 1998a) and the Atlas to the Catalog of
Waters Important for Spawning, Returning or Migration of Anadromous Fishes (Atlas) (ADF&G 1998b).
The Catalog lists water bodies documented to be used by anadromous fish. The Atlas shows locations of
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these waters and the species and life stages that use them. The Catalog and Atlas are divided into six
volumes for the six resource management regions established in 1982 by the Joint Boards of Fisheries
and Game. Additional information on streams that support federally managed salmon is available from
ADF&G at http://www.state.ak.us/adfg/habitat.

3.2 Biological Environment
3.2.1 Biology, Habitat Usage, and Status of Magnuson-Stevens Act Managed Species

This section provides an overview of the biology and habitat use of FMP-managed species for which
EFH must be defined. For additional information on habitat use by these species, refer to Appendix F.
For additional information on the biology and population status of these resources, refer to the most
recent Stock Assessment and Fishery Evaluation (SAFE) Reports for BSAI Groundfish (North Pacific
Fishery Management Council [Council] 2002a), GOA Groundfish (Council 2002b), BSAI King and
Tanner Crab (Council 2002c¢), Alaska Scallops (Council 1998), and the draft programmatic groundfish
SEIS (NMFS 2001a).

This section is divided into BSAI (3.2.1.1) and GOA (3.2.1.2) species and habitat descriptions. In many
cases, a more complete description is given in one section with a reference in the other; for example,
Pacific cod is described at length in the BSAI section, while the GOA description of Pacific cod adds
some information pertinent to GOA distribution with a reference back to the BSAI section. The reverse
is true for Greenland halibut, for example. Following the BSAI and GOA sections is a section on crab
species and their habitats (3.2.1.3), salmon species and their habitats (3.2.1.4), and scallops and their
habitats (3.2.1.5).

3.2.1.1 GOA Groundfish

This section contains descriptions of the principal target groundfish species that may be affected by
proposed fisheries management changes. Information presented for these species includes a brief
description of the biology, habitat, and population status as noted in the most recent stock assessments.
The information presented for each species supports the development of this SEIS and is not intended to
be exhaustive.

Detailed information on groundfish species and additional information on principal target species can be
found in Appendix F of this EIS and in the following documents: Environmental Assessment for EFH
(Council 1999a); EFH Assessment Report for the Groundfish Resources of the BSAI Region (Council
1998a); EFH Assessment Report for the Groundfish Resources of the GOA Region (Council 1998b); the
2000 Stock Assessment and Fishery Evaluation Reports (SAFE Report) for the Groundfish Resources of
the BSAI and GOA Regions (Council 2002a, 2002b); and the draft programmatic groundfish SEIS
(NMFS 2001a).

3.2.1.1.1 Walleye Pollock

Pollock (Theragra chalcogramma) is the second most abundant groundfish stock in the GOA. It is
widely distributed throughout the North Pacific Ocean in temperate and subarctic waters (Wolotira et al.
1993). Pollock is a semidemersal schooling fish, which becomes increasingly demersal with age.
Approximately 50 percent of female pollock reach maturity at age 4, at a length of approximately 40 cm.
Pollock spawning is pelagic and takes place in the early spring on the outer continental shelf. Pollock are
comparatively short-lived, with a fairly high natural mortality rate estimated at 0.3 (Hollowed et al. 1997,
Wespestad and Terry 1984) and a maximum recorded age of around 22 years. Pollock in the GOA are
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thought to be a single stock (Alton and Megrey 1986) originating from springtime spawning in Shelikof
Strait (Brodeur and Wilson 1996).

Pollock are found throughout the water column, from the surface down to 500 m (Witherell 2000).
Seasonal migrations occur from overwintering areas along the outer shelf to shallow waters (90 to 140 m)
for spawning (Witherell 2000). In the GOA, major spawning concentrations of pollock have been
observed in Shelikof Strait and the Shumagin Islands (DiCosimo and Kimball 2001). Major exploitable
populations are found primarily in the western/central areas of the GOA (147° W to 170" W).

The diet of pollock in the EBS has been studied extensively (Dwyer 1984, Lang and Livingston 1996,
Livingston 1991a, Livingston and DeReynier 1996, Livingston et al. 1993). Juvenile pollock are pelagic
and feed primarily on copepods and euphausiids. As they age, pollock become increasingly piscivorous
and can be highly cannibalistic. Juvenile pollock are known to be the dominant fish prey of adult pollock
in the EBS. Other fish consumed by pollock include juveniles of Pacific herring, Pacific cod, arrowtooth
flounder, flathead sole, rock sole, yellowfin sole, Greenland halibut, Pacific halibut, and Alaska plaice.
On the shelf area, the contribution of these other fish prey to the diet of pollock tends to be very low

(i.e., usually less than 2 percent by weight of the diet [Livingston 1991a, Livingston and DeReynier 1996,
Livingston et al. 1993]). In the deeper slope waters, however, deep-sea fish (myctophids and
bathylagids) are a relatively important diet component (12 percent by weight), along with euphausiids,
pollock, pandalid shrimp, and squid (Lang and Livingston 1996).

Larvae 5 to 20 mm long consume larval and juvenile copepods and copepod eggs (Canino 1994, Kendall
et al. 1987). Early juveniles (25 to 100 mm) primarily eat juvenile and adult copepods, larvaceans, and
euphausiids; late juveniles (100 to 150 mm) eat mostly euphausiids, chaetognaths, amphipods, and
mysids (Brodeur and Wilson 1996, Grover 1990, Krieger 1985, Livingston 1985, Merati and Brodeur
1997, Walline 1983). Juvenile and adult pollock in Southeast Alaska rely heavily on euphausiids,
mysids, shrimp, and fish as prey (Clausen 1983). Euphausiids are the dominant prey of GOA pollock,
making up a relatively constant proportion of the diet by weight across size classes. Shrimp and fish are
the next two important prey items. Copepods are a less dominant food source (Yang 1993). Fish prey
become a larger fraction of GOA pollock diet with increasing size. A high diversity of species is preyed
upon. Over 20 different fish species have been identified in the stomach contents of GOA pollock, with
capelin being the dominant prey (Yang 1993). Commercially important prey species include Pacific cod,
pollock, arrowtooth flounder, flathead sole, Dover sole, and Greenland halibut. In addition to capelin,
forage fish, including eulachon and Pacific sand lance, were also found in pollock stomach contents.

The main source of predation mortality on GOA pollock at present appears to be the arrowtooth flounder
(Livingston 1994, Hollowed et al. 2000). Cannibalism is also known to be a major source of mortality in
this species. Other dominant GOA groundfish populations that prey on pollock include sablefish, Pacific
cod, and halibut (Albers and Anderson 1985, Best and St-Pierre 1986, Jewett 1978, Yang 1993). Pollock
is one of the top five prey items (by weight) for Pacific cod, arrowtooth flounder, and halibut in this area.
Other predators include great sculpins (Carlson 1995) and shortspined thornyheads (Yang 1993). In the
GOA, halibut and Pacific cod tend to consume larger pollock, while arrowtooth flounder consume
pollock that are mostly under age 3. Predation mortality on juvenile pollock in the GOA appears to be an
increasingly controlling factor on recruitment. Before the apparent ecological regime shift of the late
1970s, environmental factors controlling larval survival appeared to be the dominant factor controlling
recruitment. Since this shift, however, juvenile predation by expanding populations of predatory flatfish
and cod has become the principal controlling factor.

Pollock is a major prey item for Steller sea lions and harbor seals in the GOA (Merrick and Calkins 1996;
Pitcher 1980a, 1980b, and 1981). Harbor seals tend to have a more diverse diet, and the occurrence of
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pollock in their diet is lower than in sea lions. Pollock is a major prey item for both juvenile and adult
Steller sea lions in the GOA. It appears that the proportion of animals consuming pollock increased from
the 1970s to the 1980s, and this increase was most pronounced for juvenile Steller sea lions. Sizes of
pollock consumed by Steller sea lions range from 5 to 56 cm, and the size composition of pollock
consumed appears to be related to the size composition of the pollock population. However, juvenile
Steller sea lions consume smaller pollock on average than adults. In 1985, age-1 pollock was dominant
in the diet of juvenile Steller sea lions, possibly a reflection of the abundant 1984 year class of pollock
available to Steller sea lions in that year.

Research on the diets of marine mammals and birds in the GOA has recently been greatly accelerated
(Sections 3.2.3.1, 3.2.3.2,3.2.3.3, 3.2.3.5, and 3.2.3.6) (Brodeur and Wilson 1996; Calkins 1987,
DeGange and Sanger 1986; Hatch and Sanger 1992; Lowry et al. 1989; Merrick and Calkins 1996;
Pitcher 1980a, 1980b, and 1981). The main piscivorous birds that consume pollock in the GOA are
black-legged kittiwakes, common murres, thick-billed murres, tufted puffins, horned puffins, and
probably marbled murrelets. The diets of common murres have been shown to contain around 5 to

15 percent age-0 pollock by weight, depending on the season. Both horned puffins and tufted puffins
consume age-0 pollock (Hatch and Sanger 1992). The amount of pollock in the diet of tufted puffins
varied by region in the years studied, with very low amounts in the north-central GOA and Kodiak Island
areas, intermediate (5 to 20 percent) amounts in the Semidi and Shumagin islands, and large amounts

(25 to 75 percent) in the Sandman Reefs and eastern Al. The proportion of juvenile pollock in the diet of
tufted puffins at the Semidi Islands varied by year and was related to pollock year-class abundance.

Pollock support the largest fishery in Alaska waters. In the GOA, pollock constitute 25 to 50 percent of
the catch. For 2003, the estimate of GOA pollock exploitable biomass (age 3+) was 699,000 metric tons
(mt) (Figure 3.2-1). The stock is currently at low levels, but is projected to increase with recruitment of a
recent large year-class.

3.2.1.1.2 Pacific Cod

Pacific cod (Gadus macrocephalus), also known as grey cod, are moderately fast-growing and short-lived
fish. Females reach 50 percent of maturity at about 67 cm, corresponding to an age of about 6.7 years,
and are highly fecund. A 67-cm female cod will produce more than 1 million eggs. Annual mortality of
adults is estimated to be about 0.37 percent. Maximum age has been estimated at 18 to 19 years based on
otolith samples. Estimates of natural mortality vary widely, ranging from 0.29 (Thompson and Shimada
1990) to 0.83 to 0.99 (Ketchen 1964).

In the late winter, Pacific cod converge in large spawning masses over relatively small areas. Spawning
takes place in the sublittoral/bathyal zone near the bottom. In the GOA, this habitat occurs along the
continental shelf and slope, between about 40 to 290 m. The eggs sink to the bottom and are somewhat
adhesive (Hirschberger and Smith 1983). Optimal temperature for incubation is 3 to 6° C, optimal
salinity is 13 to 23 ppt, and optimal oxygen concentration is from 2 to 3 ppm saturation. Little is known
about the optimal substrate type for egg incubation.

The larvae are epipelagic, occurring primarily in the upper 45 m of the water column shortly after
hatching, and they move downward in the water column as they grow. Adults occur in depths from the
shoreline to 500 m. Average depth of occurrence tends to vary directly with age for at least the first few
years of life, with mature fish concentrated on the outer continental shelf. Preferred substrate is soft
sediment, from mud to clay sand.
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Pacific cod is a demersal species that occurs on the continental shelf and upper slope from Santa Monica
Bay, California, through the GOA, Al and EBS to Norton Sound (Bakkala 1984). GOA, EBS, and Al
cod stocks are genetically indistinguishable (Grant et al. 1987), and tagging studies show that cod
migrate seasonally over large areas (Shimada and Kimura 1994). The southern limit of the species’
distribution is about latitude 34° N, with a northern limit of about latitude 63° N.

In the GOA, Pacific cod are most abundant in the central area, where large schools are encountered at
varying depths. Cod are concentrated on the shelf edge and the upper slope (100 to 200 m deep) in the
winter and spring. These fish over-winter in this zone and spawn from January to April; then they move
to shallower waters (less than 100 m deep) in the summer.

Pacific cod are omnivorous. In terms of percent occurrence, the most important food items in the GOA
and BSALI are polychaetes, amphipods, and crangonid shrimp. In terms of numbers of individual
organisms consumed, the most important items are euphausiids, miscellaneous fishes, and amphipods. In
terms of weight of organisms consumed, the most important items are pollock, fishery offal, and
yellowfin sole. Small Pacific cod were found to feed mostly on invertebrates, while large Pacific cod are
mainly piscivorous (Livingston 1991b). Predators of Pacific cod include halibut, salmon shark, northern
fur seals, Steller sea lions, harbor porpoises, various whale species, and tufted puffins (Westrheim 1996).

In the GOA, the 2003 exploitable biomass (age 3+) was estimated at 452,000 mt (Figure 3.2-2). Pacific
cod are considered to be at medium relative abundance, but have been declining due to recent poor year
classes.

3.2.1.1.3 Yellowfin Sole

Yellowfin sole (Limanda aspera) are relatively slow-growing and long-lived fish. Females reach

50 percent maturity at 29 cm (about 10.5 years old) and are highly fecund, producing up to 3.5 million
eggs (Nichol and Acuna 2001). Annual natural mortality of adults has been estimated at 0.12. Maximum
age for this species is 31 years.

Adults are benthic and occupy separate winter and spring/summer spawning and feeding grounds. Adults
overwinter near the shelf-slope break at approximately 200 m and move into nearshore spawning areas as
the shelf ice recedes (Nichol 1997). Spawning is protracted and variable, beginning as early as May and
continuing through August, occurring primarily in shallow water at depths less than 30 m (Wilderbuer
and Nichol 2002). After spawning, adults disperse broadly over the continental shelf for feeding. Eggs,
larvae, and juveniles are pelagic and are usually found in shallow areas (Nichol 1994). Larvae are
planktonic for at least 2 to 3 months until metamorphosis occurs, usually inhabiting shallow areas.

Adults feed mainly on bivalves, polychaetes, amphipods, and echiurids. Adults exhibit wintertime
migration to deeper waters of the shelf margin to avoid extreme cold water temperatures, and feeding
diminishes during this time.

Yellowfin sole are distributed from British Columbia to the Chukchi Sea (Hart 1973). The center of their
distribution is on the EBS shelf where they are managed as a single stock. In the GOA, yellowfin sole
are managed with other flatfish species in the shallow water flatfish category.

3.2.1.1.4 Greenland Halibut
Greenland halibut is the name of the flatfish Reinhardtius hippoglossoides, commonly referred to as the
Greenland turbot in North Pacific groundfish fisheries. The name “Greenland halibut” is used throughout

this document. The biology, habitat use, and population information for Greenland halibut are described
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in Section 3.2.1.2.4, as this species is primarily distributed in the EBS and is managed as part of a larger
group, deep water flatfish, in the GOA.

3.2.1.1.5 Arrowtooth Flounder

Arrowtooth flounder (Atheresthes siomas) are common from central California and Oregon through the
EBS (Allen and Smith 1988). Arrowtooth flounder occupy continental shelf waters almost exclusively
until age 4, but occupy both shelf and slope waters at older ages, with concentrations at depths between
100 and 200 m (Martin and Clausen 1995). Spawning is protracted and variable and probably occurs
from September through March (Zimmermann 1997). Larvae are planktonic for at least 2 to 3 months
until metamorphosis occurs, and juveniles usually inhabit shallow areas. For female arrowtooth flounder
collected off the Washington coast, the estimated age at 50 percent maturity is 5 years, with an average
length of 37 cm. Males mature at 4 years and 28 cm (Rickey 1995). The natural mortality rate used in
the stock assessment is 0.2 (Turnock et al. 1997b, Wilderbuer and Sample 1997). Annual natural
mortality of adults has been estimated to be about 15 percent.

The habitat for the arrowtooth flounder is described in Section 3.2.1.2.5 for BSAI stocks, as the majority
of the habitat usage information relates to the EBS.

In the GOA, arrowtooth flounder are the most abundant groundfish species. Exploitable biomass of
arrowtooth flounder was estimated to be 1,302,000 mt in 2003 (Figure 3.2-3). Under current fishing
practices in the GOA, arrowtooth flounder are often discarded when caught, although the number
retained has increased from 2 percent in 1992 to 43 percent in 2000. Higher catches in recent years result
from higher biomass levels, corresponding incidental catch in other target fisheries, and increased
marketing efforts for arrowtooth meal and surimi (DiCosimo and Kimball 2001).

3.2.1.1.6 Rock Sole

Two species of rock sole occur in the North Pacific Ocean, a northern rock sole (Lepidopsetta polyxstra),
and a southern rock sole (L. bilineata). These species have an overlapping distribution in the GOA
(Turnock et al. 2002). Spawning takes place during the late winter/early spring, near the edge of the
continental shelf at depths from 125 to 250 m. Eggs are demersal and adhesive (Forrester 1964). Larvae
are planktonic for at least 2 to 3 months until metamorphosis occurs. Juveniles inhabit shallow waters
until at least age 1. The estimated age at 50 percent maturity for female rock sole is 7 years at a length of
33 cm (Stark and Somerton 2002). The best estimate for natural mortality is 0.20 for the GOA

(Turnock et al. 1997a). The maximum age for rock sole is approximately 20 years.

Rock sole are distributed from southern California waters north into the GOA and the EBS to as far north
as the Gulf of Anadyr. The distribution continues along the Al westward to the Kamchatka Peninsula,
and then southward through the Okhotsk Sea to the Kurile Islands, Sea of Japan, and off Korea. Centers
of abundance occur off the Kamchatka Peninsula (Shubnikov and Lisovenko 1964), British Columbia
(Forrester and Thompson 1969), the central GOA, and in the southeastern BS (Alton and Sample 1976).
Rock sole prey on benthic invertebrates such as bivalves, polychaetes, amphipods, and miscellaneous
crustaceans, and, in turn, are prey for marine mammals. In the GOA, rock sole are managed as a shallow
water flatfish.

3.2.1.1.7 Flathead Sole

Flathead sole (Hippoglossus elassodon) are distributed from northern California northward throughout
Alaska (Wolotira et al. 1993). In the northern part of its range, the species overlaps with the related and
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very similar Bering flounder (Hippoglossoides robustus) (Hart 1973). Because it is difficult to separate
these two species at sea, they are currently managed as a single stock (Walters and Wilderbuer 1997).
Adults are benthic and have separate winter spawning and summer feeding distributions. From
overwintering grounds near the continental shelf margin, adults begin a migration onto the mid- and
outer-continental shelf in April or May. The spawning period occurs in the spring, primarily in deeper
waters near the margins of the continental shelf (Walters and Wilderbuer 1997). Eggs are large and
pelagic. Upon hatching, the larvae are planktonic and usually inhabit shallow areas (Waldron and Vinter
1978). Exact age and size at maturity are unknown, but recruitment to the fishery begins at age 3. The
maximum age for flathead sole is approximately 20 years. An estimated natural mortality rate of 0.20 is
used for stock assessment (Turnock et al. 1997a, Waldron and Vinter 1978).

Flathead sole range from northern California, off Point Reyes, northward along the west coast of North
America and throughout the GOA and the EBS, Kurile Islands, and possibly the Okhotsk Sea (Hart
1973). Flathead sole feed primarily on invertebrates such as amphipods, ophiurids, and decapods.
Adults also feed on Tanner crab, osmerids, bivalves, and polychaetes.

In the GOA, exploitable biomass for 2003 was estimated to be slightly declining (Figure 3.2-4).
3.2.1.1.8  Other Flatfish

With the exception of arrowtooth flounder, rex sole, and flathead sole, GOA flatfish are managed in two
groups as “deep water flatfish” and “shallow water flatfish.” Deep water flatfish include Dover sole,
Greenland halibut, and deepsea sole. Shallow water flatfish include northern and southern rock sole,
yellowfin sole, starry flounder, butter sole, English sole, Alaska plaice, and sand sole. In the GOA, rex
sole and flathead sole are managed separately. The exploitable biomass for rex sole for 2003 was
estimated at 71,330 mt (Figure 3.2-5). Fishing for this species is constrained by halibut bycatch limits.
Dover sole is the primary target species for deep water flatfish, and the estimated current biomass is
68,260 mt (Figure 3.2-6). Biomass estimates for Dover sole have a high degree of uncertainty due to the
lack of deep water sampling in the triennial GOA trawl survey. The GOA 2003 exploitable biomass for
shallow water flatfish was estimated at 349,990 mt (Figure 3.2-7).

3.2.1.1.9 Sablefish

Sablefish (4noploma fimbria) are found in the GOA, westward to the Al, and in gullies and deep fjords
generally at depths greater than 200 m such as Prince William Sound and Southeast Alaska. Sablefish
observed from a manned submersible were found on or within 1 m of the bottom (Krieger 1997). Studies
have shown sablefish to be highly migratory for at least part of their life cycle (Heifetz and Fujioka 1991,
Maloney and Heifetz 1997), and substantial movement has been documented between the BSAI and the
GOA (Heifetz and Fujioka 1991). Thus, sablefish in Alaska waters are assessed as a single stock (Sigler
et al. 1999). Adults reach maturity at 4 to 5 years and a length of 51 to 54 cm (McFarlane and Beamish
1990). Spawning is pelagic at depths of 300 to 500 m near the edges of the continental slope (McFarlane
and Nagata 1988). Larvae are oceanic through the spring; by late summer, small pelagic juveniles (10 to
15 cm) have been observed along the outer coasts of Southeast Alaska, where they predominantly spend
their first winter in shallow waters. While small numbers of sablefish appear on the outer shelf and
upper slope at age 2, juveniles are found primarily during their first to second years in nearshore bays and
during their second and third years on the continental shelf of the GOA and the EBS (Rutecki and Varosi
1997a, Umeda et al. 1983). After that, sablefish are found on the outer continental shelf and are found
mainly on the slope and in deep gullies in their adult distribution. Sablefish are long-lived, with a
maximum recorded age of 62 years in Alaska (Sigler et al. 1997). For stock assessments, a natural
mortality rate of about 0.10 has been estimated (Sigler et al. 1999).
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Sablefish are distributed from Mexico through the GOA to the EBS, along the Asian coast from Sagami
Bay, and along the Pacific sides of Honshu and Hokkaido islands and the Kamchatkan Peninsula. Larval
sablefish feed on a variety of small zooplankton, ranging from copepod nauplii to small amphipods. The
epipelagic juveniles feed primarily on macrozooplankton and micronekton (i.e., euphausiids). The older
demersal juveniles and adults appear to be opportunistic feeders, with food ranging from a variety of
benthic invertebrates, benthic fishes (as well as squid), mesopelagic fishes, jellyfish, and fishery discards.
Feeding studies conducted in Oregon and California found that fish (mainly pollock) made up 76 percent
of the diet (Laidig et al. 1997). Other studies, however, indicate a diet dominated by euphausiids
(Tanasichuk 1997). Nearshore residence during their second year provides the opportunity to feed on
salmon fry and smolts during the summer months. Young-of-the-year sablefish are commonly found in
the stomachs of salmon taken in the Southeast Alaska troll fishery during the late summer. Sablefish are
also prey for halibut, lingcod, seabirds, and marine mammals such as sea lions. Killer whales and sperm
whales in the GOA have been known to take sablefish from longline gear as it is being retrieved. Other
predators include hagfishes, sharks, and Pacific cod (GOA).

Alaska sablefish are considered a single stock and are assessed in a combined area (BSAI and GOA) with
an age-structured model incorporating fishery and survey catch data and age and length compositions.
Survey data come from annual sablefish longline surveys in the GOA and biennial longline surveys in the
BSAIL These surveys indicate that the stock size peaked in the mid-1980s because of a series of strong
years and has declined to lower levels ever since.

Recent important year classes are 1997, 1995, and 1990. Abundance has fallen in recent years because
the high recruitment levels of the late 1970s have not been repeated. The dominating factor determining
the age composition is the magnitude of the recru